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THE NIMBUS 7 USERS’ GUIDE

FOREWORD

This document provides users with background information on the Nimbus 7 spacecraft and
instruments to help them understand, and obtain Nimbus 7 data.

The basic spacecraft system operation, mission, and scientific objectives of the Nimbus 7 flight
are outlined, followed by a detailed discussion of each of the instruments. The formats, archiving,
and access to the data are described in detail since data handling responsibilities denote a major de-
parture from previous data processing methods. Additionally, each section contains a brief descrip-
tiorrof archived tapes and examples of image displays. The National Space Science Data Center and
the National Oceanic and Atmospheric Administration will archive these products and issue catalogs
containing information on Nimbus 7 data. ,

The principal authors for each section were selected by each Nimbus Experiment Team. All
team members are listed in Appendix B of this document. The assembly and editing of this publi-
cation was accomplished by the Management and Technical Services Company (MATSCO), under
contract No. NAS 5-23740 with the Goddard Space Flight Center, NASA, Greenbelt, Maryland.

Ronald K. Browning

Project Manager
Landsat/Nimbus Project
Goddard Space Flight Center

Preceding page blank
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SECTION 1

THE NIMBUS 7 SPACECRAFT SYSTEM
by

Staff Members, Landsat/Nimbus Project
National Aeronautics and Space Administration
Goddard Space Flight Center

The purpose of this section is to present the Nimbus mission objectives, the scientific ob-
jectives of the Nimbus 7 experiments, outline the component subsystems and experiments of the
spacecraft, and present information on data products and their availability.

1.1 Introduction

The Nimbus 7 spacecraft will be launched from the Western Test Range at Vandenberg Air
Force Base, California, by a thrust-augmented Delta vehicle. The satellite will be placed in an 955
kilometer, sun-synchronous polar orbit, having local noon (ascending) and midnight (descending)
equator crossings, with 26.1 degrees of longitude separation. The orbital period will be about
104.16 minutes.

In orbit, with its solar panels unfolded, the Nimbus 7 appears as shown in Figure 1.1. The
earth-viewing sensors are mounted below the torus structure. The attitude control system and the
solar array are supported above the torus by a truss.

1.2 Nimbus 7 Mission Objectives

The Nimbus 7 mission affords the opportunity to conduct a variety of experiments in the pol-
lution, oceanographic and meteorological disciplines. It provides an opportunity to assess each
instrument’s operation in the space environment and to collect a sizable body of data with the glo-
bal and seasonal coverage needed for support of each experiment. This mission also extends and
refines the sounding and atmospheric structure measurement capabilities demonstrated by experi-
ments on previous Nimbus observatories. The mission objectives of the Nimbus 7 are:

® To observe gases and particulates in the atmosphere for the purpose of determining the
feasibility to map sources, sinks, and dispersion mechanisms of atmospheric pollutants
(SBUV/TOMS — SAM II — SAMS-LIMS)

® To observe ocean color, temperature, and ice conditions, particularly in coastal zones, with
sufficient spatial and spectral resolution to determine the feasibility of application such as:

(a) detecting pollutants in the upper level of the oceans,

(b) determining the nature of materials suspended in the water,
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Figure 1-1. Nimbus 7 Observatory

(c) applying the observations to the mapping of sediments, biologically productive areas,
and interactions between coastal effluents and open ocean waters (CZCS),

(d) demonstrating improvement in ship route forecasting (SMMR).

® To make quantitative measurements of air-surface boundary conditions (e.g., soil moisture,
snow and ice cover, sea surface temperature and roughness, and albedo) or of precipitation,
and to improve long-range weather forecasting in support of the Global Atmospheric Re-
search Program (SMMR-ERB)
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® To continue to make baseline measurements of variations of long wave radiation fluxes
outside the atmosphere and of atmospheric constituents for the purpose of determining
the effect of these variations on the earth’s climate (ERB-SBUV/TOMS — LIMS).

1.3 Spacecraft Components

The Nimbus 7 spacecraft components, consisting of the integrated subsystems that provide the
power, attitude control, and information flow required to support the payload for a period of one
year in orbit, are contained within the three major structures of the spacecraft. These three struc-
tures consist of: a hollow torus-shaped sensor mount, the solar paddles, and a control housing unit
that is connected to the sensor mount by a tripod truss structure.

The spacecraft weighs 965 kilograms and has a configuration similar to an ocean buoy. Itis
3.04 meters tall, 1.52 meters in diameter at the base, and 3.96 meters wide with the solar paddles
fully extended. The sensor mount that forms the satellite base houses the electronics equipment
and battery modules. The lower surface of the torus provides mounting space for sensors and an-
tennas. A box-beam structure mounted within the center of the torus provides support for the
larger sensor experiments. The control housing unit is located on top of the spacecraft and above i
this unit are the sun sensors, horizon scanners, and a command antenna.

1.3.1 Experiments

Seven experiments and one subsystem (THIR) are on board the Nimbus 7 spacecraft. These
experiments and a brief description of their scientific objectives are as follows:

® Coastal Zone Color Scanner (CZCS). The objective of the CZCS is to map chlorophyll
concentration, sediment distribution, gelbstroffe concentrations as a salinity indicator, and
temperature of coastal waters and the open ocean.

® Earth Radiation Budget (ERB). An instrument very similar to the ERB of Nimbus 6, is to
determine over a period of one year the radiation budget of the earth on both synoptic and
planetary scales by simultaneous measurement of incoming solar radiation and outgoing
earth reflected (shortwave) and emitted (longwave) radiation. Both fixed wide angle sam-
pling of terrestrial fluxes at the satellite altitude, and scanned narrow-angle sampling of the
radiance components, dependent on angle are used to determine outgoing radiation. I

® Limb Infrared Monitor of the Stratosphere (LIMS). The objective of LIMS is to obtain
vertical profiles and maps of temperature and the concentration of ozone, water vapor,
nitrogen dioxide, and nitric acid for the region of the stratosphere bounded by the upper
troposphere and the lower mesosphere.

® Stratospheric Aerosol Measurement I1 (SAM II). The SAM II objective is to map the con-
centration and optical properties of stratospheric aerosols as a function of altitude, latitude, 1
and longitude. When no clouds are present in the instrument’s instantaneous field of view
(IFOV), the tropospheric aerosols can also be mapped.

® Stratospheric and Mesospheric Sounder (SAMS). The SAMS objective is to observe the
limb of the atmosphere through various pressure modulator radiometers in order to measure




vertical concentrations of H,O, CHy, CO, and NO; observe resonant scattering of solar rad-
iation in spectral bands HyO, CO,, CO and NO; measure the temperature of the strato-
sphere and mesosphere to ~90 kilometers altitude; investigate source function and departure
from the thermodynamic equilibrium between 80 and 130 kilometers associated with CO,
emission bands, and measure the zonal wind velocity component along the line of sight.

® Solar Backscatter Ultraviolet/Total Ozone Mapping (SBUV/TOMS). The SBUV/TOMS ob-
jectives are to determine the vertical distribution of ozone, map the total ozone and 200-
mb height fields, and monitor the incident solar ultraviolet irradiance and ultraviolet
radiation backscattered from the earth.

® Scanning Multichannel Microwave Radiometer (SMMR). The primary purpose of the
SMMR is to obtain and use ocean momentum and energy-transfer parameters on a nearly
all-weather operational basis. Derived low altitude parameters are winds, water vapor,
liquid water content, and mean cloud droplet size.

® Temperature Humidity Infrared Radiometer (THIR). The primary objective of the THIR
is to measure the infrared radiation from the earth in two spectral bands during both day
and night portions of the orbit; to provide pictures of the cloud cover, three-dimensional
mappings of cloud cover, temperature mappings of clouds, land, and ocean surface, cirrus
cloud content, atmospheric contamination and relative humidity.

1.3.2  Attitude Control Subsystem

The attitude control subsystem (ACS) provides stabilization about the spacecraft’s roll, pitch,

and yaw axis and control of the solar paddles orientation, maintaining them nearly perpendicular to
the nominal sunline.

The ACS consists of four attitude control loops and associated switching logic, telemetry and
test modes, electrical manifolding, and thermal environmental control. This system maintains space-
craft alignment with the local orbital reference axes to within 0.7 degree of the pitch axis and one
degree of the roll and yaw axis. The system keeps the instantaneous angular rate changes about any
axis to less than 0.01 degree per second.

The three-axis active ACS uses horizon scanners for roll and pitch attitude error sensing. The
rate gyros sense yaw rate and, in a gyro compassing mode, sense yaw attitude. A torquing system
uses a combination of reaction jets to provide spacecraft momentum control and large control tor-
ques when required ; flywheels are utilized for fine control and residual momentum storage.

1.3.3 Instrument Power

The spacecraft power subsystem consists of solar arrays, nickel-cadmium batteries, charge and
discharge regulators, and voltage regulators to operate all spacecraft support subsystems and to pro-
vide maximum power for the instrument payload.

It is anticipated that the orbit average regulated power provided by the observatory power sub-
system will be approximately 300 watts, of which 123 watts are allocated to the spacecraft
subsystems. If all the instruments were on full-time, the power requirements would exceed the
available supply. Because of this power limitation, the subsystems will operate for approximately




the percentage of time given in Table 1-1, Only THIR is scheduled to operate on a full-time basis.
This schedule is in accordance with the specific objectives of the Nimbus Project.

Table 1-1
Instrument Power Requirements for the Percentage of Operational
Time Allotted Each Sensor

Instrument Power Requirements (Watts) Operational Mode (%)
CZCS 11.4 30
ERB 36.3 80
LIMS 24.5 80
SAM II 0.8 8
SAMS 23.0 80
SBUV/TOMS 20.0 80
SMMR 61.6 50
THIR 8.5 . 100
Subsystem Total = 186.1
Basic Spacecraft = 123.6
Observatory Total = 309.7

1.34 Communications and Data Handling Subsystem

The communications and data handling subsystem (CDHS) is composed of the S-band commu-
nications system and tape recorder subsystem and handles all spacecraft information flow. The
S-band communication system includes the S-band command and telemetry system, the data pro-
cessing system (DPS) and the command clock. The S-band command and telemetry system consists
of two S-band transponders, a command and data interface unit (CDIU), four earth view antennas,
a sky view antenna, and two S-band transmitters (2211 MHz). Commands are transmitted to the
observatory by pulse code modulation (PCM), phase-shift keying (PSK)/frequency modulation
(FM)/phase modulation (PM) of the assigned 2093.5 MHz S-band uplink carrier. Stored command
capability provides for command execution at predetermined times. Figure 1-2, a diagram of the
spacecraft data handling system, shows the routing of the sensor data to the versatile information
processor (VIP), the digital information processor (DIP), and the Coastal Zone Color Scanner
(CZCS) information processor (ZIP).

1.3.4.1 Telemetry and Ranging

Command, telemetry, and ranging signals are handled by a unified S~band (USB) transponder.
Stored data are played back to the ground station using the S-band links (see Figure 1-2). Specifi-
cally, the telemetry system includes two transponders which are interlocked to prevent simultaneous
transmission and also two wideband transmitters that are interlocked to prevent dual transmissions.
Single or dual downlink transmissions may be commanded at the transponder downlink frequency of

-
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2273.5 MHz or the wideband trancmitter downlink frequency of 2211.0 MHz. Additionally, any
combination of signals may be used to modulate one transponder and one wideband transmitter. One
combination is an 800 kbs bi-phase PCM playback from any of the three on board tape recorders.
When using this combination the playback data may be either recorded digital information processor
data, or Coastal Zone Color Scanner sensor data. Another combination is an 800 kbs bi-phase PCM
of real-time CZCS sensor data.

The transponder modulation is baseband PCM/PM multiplexed with the VIP telemetry sub-
carrier. The wideband transmitter modulation is PCM/FM. The transponder can be phase modulated
by ranging tones, by 800 kbs bi-phase PCM data or by 25 kbs bi-phase PCM real-time DIP data on a
mutually exclusive basis, selected by command. Simultaneous commanding, range tracking, and VIP
telemetry transmission are possible with the selected baseband modulation signal.

1.3.4.2 Data Processing System (on board)

The data processing system on board the Nimbus 7 spacecraft processes analog and digital data
in addition to the processing of housekeeping and sensor data. The low-rate housekeeping and sen-
sor data (up to 400 bps) is processed, formatted, multiplexed with medium rate sensor data (2 to 12
kbs), and stored for a full orbit on a multispeed (Goddard Standard) tape recorder at 25 kbs. The
high data rate ocean color sensor data (800 kbs) are processed and stored for a portion of the orbit.

Input and output cross strapping provides alternate signal routing in the event a failure occurs
with a tape recorder or transmitter. (See Figure 1-2).

The VIP subsystem monitors the observatory housekeeping data and low data rate sensor data
using three types of input gates; 576 analog, 320 digital B, and 16 are digital A. It digitizes the ana-
log data and formats the data into a 6400-word major frame (each word contains 10 bits). It outputs
these data at 4000 bps, which can be transmitted to the ground in real time or stored on an observa- ]
tory tape recorder for later playback to the ground. The format consists of an 80-by-80 matrix
(major frame) that repeats every 16 seconds. Each row of the matrix contains 80, 10-bit words and
is called a minor frame. The VIP output pulses are coherent with the beginning of each major frame
and are available to sensors for synchronization to the VIP sampling sequence.

The DIP and ZIP are part of the data processor subsystem (DAPS), which is the primary communi-
cation system for observatory data. The flight data-handling equipment (FDHE) is the spacecraft
components part of the DAPS. The FDHE also includes the THIR A/D converters, the spacecraft
tape recorders, and the input and output routers (IR & OR) for cross-patching major elements. The [
DIP is a four-channel time-division multiplexer, which accepts synchronous, serial digital data from
predetermined sources and combines them into a synchronous, serial output bit stream at a 25 kbs
rate. The common denominator used for Nimbus 7 is 2 kbs, therefore, all inputs to the DIP must be
an exact multiple of 2 kbs. The resulting 25 kbs output is decommutated on the ground, where each
digital input is extracted from the composite and is available in its original format.

The ZIP is a special-purpose processor for handling CZCS sensor data. Specifically, the ZIP
multiplexes the six channels of CZCS digital radiometric data, removes nonsensible data, gates in cal- l
ibration and synchronization data, and compresses the resulting output to a rate.compatible with the

spacecraft tape recorders and S-band transmission systems.
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1.3.4.3 i'ape Recorder Subsystem

The Nimbus 7 observatory carries three identical tape recorders, one classified as a redundant
unit. Each recorder is capable of recording either DIP or ZIP data, but not both simultaneously. Ina
normal recording operation, one recorder records 25 kbs data from the DIP for periods of 100 to 257
minutes and then reproduces it in reverse direction at a rate of 800 kbs. Normally, one recorder will
be used for recording DIP data and another is used for recording ZIP data. Each recorder has a total
record capacity of 305 minutes of DIP data recorded at 25 kbs or 9.56 minutes of ZIP data at 800 kbs.

Data are played back at a rate of 800 kbs for either the DIP or ZIP with a lapse rate of 9.56
minutes for a full tape. Less time is required if less than a full tape has been recorded. A fast rewind
mode (three minutes) allows 500 feet of active tape to be moved from beginning of tape (BOT) to end
of tape (EOT) at a high speed rate. This is accomplished without record, playback or erasure of pre-
viously recorded data. In normal operation, one recorder is played back to a receiving station while

the other is recording; thus avoiding loss of data. A summary of operating modes is presented in
Table 1-2.

Table 1-2
Tape Recorder Modes Summary
Mode Data Rate (kbs) Tape Speed Max. Continuous Oper.
(in./sec) Time (minute)
Record DIP 25.0 0.327 305
Record ZIP 800.0 10.45 9.56
Playback (DIP or ZIP) 800.0 10.45 9.56
Rewind 35.0 3.0

1.3.5 Thermal Control Subsystem

The thermal control subsystem is designed to provide a controlled environment of 25°C (plus or
minus 10°C) within the observatory to promote long life for subsystem and instrument components.
Thermal control is accomplished by both semipassive (shutter and heaters) and passive (radiators, in-
sulation, and coatings) elements. Shutters are located on most of the peripheral compartments on
the sensory ring, and are actuated by fluid-filled bellows assemblies. The assemblies are fastened to a
sensor plate which is in contact with the dissipating components that position the shutter blades to
the proper heat-rejection level. Heaters are bonded at various locations in the sensory ring tc prevent
temperatures from falling below minimum levels during extended periods of low equipment duty
cycles. The heaters are energized selectively by ground command when the temperature level at these
locations falls below a pre-determined value. The upper and lower surfaces of the sensory ring are
insulated to prevent gain or loss of heat through those areas. External structure and radiating surfaces
are coated to provide the required values of emission and absorption. Passive radiators, coated with
a low-absorptivity, high-emissivity finish, are used to assist the shutters in rejecting heat from the
sensory ring.




1.4 Data Handling and Processing Complex

The Nimbus Project at GSFC has the responsibility for the initial processing of the observations
from all eight instruments on board the Nimbus 7 spacecraft. Data processing for several sensors con-
tinues at GSFC. These are processed into archieved tape and film products. Data from some sensors
is sent to intermediate processing facilities outside of the GSFC complex. The centers return data to
GSFC for final processing and archival.

This procedure is a departure from the traditional method of having the processing of data from
each experiment the responsibility of each principal investigator. For the Nimbus Project to meet
this new responsibility, a data handling and processing complex was established at the Goddard Space
Flight Center and designated the Nimbus Observation Processing System (NOPS). The purpose of
NOPS (Figure 1-3) is to organize and oversee the processing of payload data (except SAMS) into sci-
entific investigations. For a graphic view of the relationship between the Nimbus Observation Pro-
cessing System and the Nimbus Data Applications System (NDAS) see Figure 1-4.

Since data handling and processing are a major task not easily handled in a single facility at
GSFC, a plan was devised to distribute the processing among several facilities while converting the
computational results into the data products in one facility (GSFC). This plan affords the oppor-
tunity to have a broader range of display equipment available for all instrument data products than if
the computational and display efforts were both distributed. The specific responsibilities of the
NOPS are:

to calibrate, quality check, and geographically locate the raw sensor observations,

® to convert the observations into meaningful parameters through the application of scientific
algorithms,

® to establish a broad data base by correlating observations from related sensors,

® to display the derived parameters in the most useful forms (products) for scientific investi-
gations and correlations,

® to distribute the generated products to Nimbus Experiment Teams (NET) and selected in-
vestigators on a limited basis, and

® to distribute archival quality tapes and film products to archive centers for their dissemi~
nation to all interested users.

The Information Processing Division (IPD) at GSFC is utilized as the central data products
generation and distribution facility. IPD generates contoured maps, cross sections, atmospheric pro-
files, plots, listings, montages, and images on 16 mm microfilm, 35 mm color slides, 105 mm color
film, and 241 mm black and white film. They also generate and distribute a wide variety of magnetic
tapes.

The Earth Radiation Budget (ERB), Scanning Multichannel Microwave Radiometer (SMMR),
and Solar Backscatter Ultraviolet/Total Ozone Mapping System (SBUV/TOMS) data, receives initial
processing in the Science and Applications Computer Center (SACC) at GSFC. ERB processing in
SACC is a two part operation; the second step delayed until information derived from the first step is
obtained from the National Oceanic and Atmospheric Administration (NOAA). The Temperature

9
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Humidity Infrared Radiometer (THIR) and Coastal Zone Color Scanner (CZCS) data, receives initial
processing by IPD at GSFC, incorporating the straight-forward calibration science processing require-
ments within the image generation requirements.

The cloud content in the instantaneous field of view (IFOV) of ERB and SBUV/TOMS are com-
puted from the THIR data and utilized in the respective processing for these instruments. THIR
cloud content in the SMMR IFOV’s is listed as corroborative information for SMMR data product
evaluation. Stratospheric and Mesospheric Sounder (SAMS) data is processed at Oxford, England.
SAMS data is sent by data phone lines from GSFC to Oxford. The Limb Infrared Monitoring of the
Stratosphere (LIMS) experiment data is processed at the National Center for Atmospheric Research
(NCAR) facilities, and the Stratospheric Aerosol Measurement II (SAM II), experiment data is pro-
cessed at Langley Research Center (LaRC), Virginia.

A common image location program based on the Nimbus 6 ERB program for deriving spacecraft
attitude is included in the Meteorological Operations Control Center (MetOCC) processing with the
results utilized in the processing for all the instruments. The image location tapes are sent with the
user formatted output (UFO) tapes or the sensor data tapes (SDT) to the appropriate facility. See
Sections 2 through 9 for details on the processing plans for the individual instruments. These pro-
cessing plans are based on the currently available algorithms as provided by the sensor scientists.

All initial photographic processing and reproduction services are provided by IPD. IPD provides
for the distribution of the data products to the NET members and archival centers. The film and
tape archival plan is presented in Section 1.5.

For a composite view of the Nimbus 7 data flow, refer to Figure 1-5 and 1-5a.
14.1 Nimbus Data Application System

The function of the Nimbus Data Applications System (NDAS) is to set the requirements for
Nimbus 7 data products and the processing algorithms. NDAS evaluates submitted proposals for in-
vestigations, disseminates data, administers and monitors contracts related to scientific investigations,
and coordinates results with investigators and users. See Figure 1-4.

1.4.2  Nimbus Experiment Teams

There are seven Nimbus Experiment Teams (NET’s), one for each of the NASA-provided
sensors, plus the United Kingdom team for the Stratospheric and Mesospheric Sounder (SAMS)
experiment. The NET’s have met at frequent intervals from the initial inception of each
committee and will meet through at least one year after launch. FEach team consists of five to ten
members and is supported by applications scientists and data processing support personnel. Addi-
tionally, each NET is also supported by the Nimbus 7 Data Applications System Manager or his
appointed representative.

The function of the NET members is to assist and provide advice on all aspects of their respective
sensor program and to perform studies or tasks in their areas of expertise during pre-launch and post-
launch activities. They determine the principal research and development requirements of each ex-
periment and perform the required tasks commensurate with priorities and available resources.

A complete list of the Nimbus Experiment Team members is given in Appendix B. A summary
of the tasks and study areas for each NET are:
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® to develop, use and test processing and science algorithms,
® to define the general content of the film and tape product,
® to verify sensor calibration and performance,

® to participate in the planning for data acquisition, time schedule sharing of sensor opera-
tions,

® to certify the quality of data output products by comparison measurements with other data
(ground truth measurements), and

@ to perform initial post-launch experiment investigations and issuing appropriate reports and
publications.

1.5 Data Archiving

The Nimbus 7 archival data products distribution is accomplished after the individual Nimbus
Experiment Teams have validated the data. This validation process is expected to take from two to
six months after launch, depending on the experiment and the type of anomalies that may arise dur-
ing the initial checkout phase.

Listed in Table 1-3 are the film data products available to all users. Table 1-4 provides the
same information for tape data products. All products, except for CZCS, are archived by the Na-
tional Space Science Data Center (NSSDC). CZCS data are archived by the Environmental Data
Information Service (EDIS). The addresses of these agencies are:

e Environmental Data Information Service
World Weather Building
Room 606
Camp Springs, Maryland 20733

® National Space Science Data Center
Goddard Space Flight Center
Code 601
Greenbelt, Maryland 20771

In addition to the film and tape data products, EDIS will publish a CZCS catalog listing all avail-
able CZCS data. NSSDC will publish a meteorolbgical catalog listing data from all meteorological
satellites including tape and film output products from Nimbus 7. To obtain copies of these catalogs,
write to NSSDC or EDIS.

All requests from foreign researchers for Nimbus 7 data archived and available through NSSDC
must be specifically addressed to:

Director, World Data Center A for Rockets and Satellites

Code 601, Goddard Space Flight Center

Greenbelt, Maryland 20771, US.A.
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Table 1-3

Film Data Products Available Through EDIS and NSSDC.

Sgigl(gzlnter Sensor Reproducible Copy Is: User Copy Will Be:

EDIS CZCS 2nd generation 241 mm (9.5") . 241 mm black and
black and white negative white positive or
transparency. negative transparency.

. 241 mm black and
white positive print.

NSSDC ERB, SAM 11, | 2nd generation 16 mm negative . 16 mm positive trans-

LIMS, SBUV/ | (black background) transpar- parency.
TOMS, SAMS | ency. . 241 mm hard copy (in
limited quantity).
TOMS 2nd generation 241 mm black . 241 mm black and
(montage) and white negative transpar- white positive or neg-
ency. ative transparency.
. 241 mm black and
white positive print.
SMRR 2nd generation 35 mm color . 35 mm color slide.
(all data) positive transparency. . color prints — maxi-
mum size 203 mm x
254 mm (8" x 10"').
THIR 2nd generation 241 mm black . 241 mm black and
(montage) and white negative transpar- white positive or neg-
ency. ative transparency.

When ordering data from either the NSSDC or the World Data Center, a user should specify why
the data are needed, the subject of his work, the name of the organization with which he is connected,
and any government contracts he may have for performing his study. Of course, each request should
specify the experiment data desired, the day and area of interest, plus any other information that
would facilitate the handling of the data request. Requests for specific tape types, as listed in Table
1-4, should specify the tape specification (last column in Table 1-4). This number references a tape
specification document describing the record and file content and word format of each tape type. A
user receives a tape specification document for each requested tape type.

A user requesting data on magnetic tapes should provide additional information concerning his
plans for using the data, e.g., what computers and operating systems will be used. In this context,
the NSSDC is compiling a library of routines which can unpack or transform the contents of many of
the data sets into formats which are appropriate for the user’s computer. NSSDC will provide, upon
request, information concerning its services.

When requesting data on magnetic tape, the user must specify whether he will supply new tapes
prior to the processing, or return the original NSSDC tapes after the data have been copied.
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Tape Types Available Through EDIS and NSSDC

Table 1-4

Archival Tape Quantity
Data Center Sensor Tape Name per Year PDFC Tape Spec. No.
EDIS CZCS CRCST 5500 ZB T749021
CAT 12 ZC T749031
NSSDC ERB MATRIX 12 AA T134031
MAT 365 AC T 134081
SEFDT 12 AD T 134021
ZMT 2 AE T134091
LIMS MATRIX-M 14 EA T564041
MATRIX-C 14 EB T564081
PROFILE-R 7 EC T564111
PROFILE-I 21 ED T564071
RAT 210 EE T564011
IPAT 105 EF T564021
MAT 70 EG T564051
CAT 70 EH T564091
SMAT 7 EI T564101
SCAT 7 EM T564121
SAMS MATRIX 24 HA T884011
RAT 180 HC T884041
SAMII | MATRIX 4 DA T454021
PROFILE 12 DB T454011
RDAT 12 DC T454041
BANAT 12 DD T454051
SBUV/ | MATRIX 24 FA T634071
TOMS MONTAGE 52 FC T634081
RUT-S 26 FD T634111
OZONE-S 12 FE T634041
OZONE-T 180 FF T634091
ZMT 2 FH T634061
RUT-T 120 FJ T634121
SMMR | 'MAP-30 12 BD T234051
MAP-LO 12 BE T234101
MAP-SS 12 BF T234111
PARM-30 60 BG T234041
PARM-LO 30 BH T234121
PARM-SS 30 BI T234131
TAT 183 BJ T234021
CELL-ALL 61 BK T234071
THIR CLDT 730 ID T344011
CLE 53 IE T343031 .
CLT 104 IF T343041 '
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SECTION 2
THE COASTAL ZONE COLOR SCANNER (CZCS) EXPERIMENT
by

Dr. Warren Hovis
National Oceanic and Atmospheric Administration
National Environmental Satellite Service
Room 0135, FOB 4
Washington, D.C. 20233

2.1 Introduction

The Coastal Zone Color Scanner (CZCS) is the first instrument devoted to the measurement of
ocean color and flown on a spacecraft. Although instruments on other satellites have sensed ocean
color, their spectral bands, spatial resolution, and dynamic range were optimized for land or meteor-
ological use. In the CZCS, every parameter is optimized for use over water to the exclusion of any
other type of sensing. The signal-to-noise ratios in the spectral channels sensing reflected solar radi~
ance are higher than those required in the past. These ratios need to be high because the ocean is
such a poor reflecting surface that the majority of the signal seen by the reflected energy channels at
spacecraft altitudes is backscattered solar radiation from the atmsophere rather than reflected solar
energy from the ocean. The CZCS thermal channel utilizes the 10.5 um to 12.5 um region used on
many other thermal mappers. This CZCS channel is unique, however, since it is registered with the
reflected solar energy bands and has the same spatial resolution.

The data processing techniques for the CZCS are also unique in that off-setting is used to enhance
contrasts over the ocean and remove much of the effect of the backscattered atmosphere. Attempts
will be made to process the data into derived products such as pigment concentration and diffuse at~
tenuation coefficient prior to distribution to users. The archived magnetic tapes contain both cali-
brated radiances and equivalent blackbody temperatures, plus the derived products, so a user with a
large computer facility would be able to utilize a more complicated algorithm than that used in pro-
duction and processing at GSFC. A user without such a facility can utilize the derived products
provided by NASA.

The CZCS is a conventional multi-channel scanning radiometer utilizing a rotating plane mirror
at a 45 degree angle to the optic axis of a Cassegrain telescope. The rotating mirror scans 360 degrees,
however, only +40 degrees of data centered on the spacecraft nadir is collected for ocean color mea-
surements. During the rest of the scan, the instrument acquires a view of deep space and of internal
instrument sources for calibration of the various channels. The radiation collected by the telescope is
divided into two portions by a dichroic beam splitter. One portion is transmitted to a field stop that
is also the entrance aperture of a small polychromator. The radiant energy entering the polychroma-
tor is disbursed and reimaged in five wavelengths on five silicon detectors in the focal plane of the
polychromator. The spectral channels are described in detail in Section 2.3. The portion of the
beam reflected off of the dichroic mirror is directed to a cooled mercury cadmium telluride detector
sensing in the 10.5 um to 12.5 um region. The CZCS utilizes a radiative cooler that cools the mer-
cury cadmium telluride detector to approximately 120 Kelvin during spacecraft flight.
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The CZCS is intended primarily as a tool for determining the content of water. It is well known
that the content of water, be it organic or inorganic particulate matter or dissolved substances, affects
its color. Ocean water, containing very little particulate matter, scatters as a Rayleigh scatterer with
the well known deep purple or bluish color of the ocean. As particulate matter is added to the water,
the scattering characteristics are changed and the color is changed. Phytoplankton, for instance, have
specific absorption characteristics and normally change the water to a more greenish hue although
some phytoplankton, such as the various red tide, can change the water to colors such as red, yellow,
blue-green, or mahogany. By sensing the color with very high signal-to-noise ratios, the CZCS pro-
vides a mechanism for analyzing that color for the content of the water. Inorganic particulate matter
in water, such as the terrigenous outflow from rivers, has a different color from organic material typi-
cally brownish in color but sometimes varying with red.

2.2 Scientific and Technical Objectives
2.2.1 Scientific Objectives

The scientific objective of the CZCS is to determine the specific nature of the contents of water
as quantitatively as possible and to carry out such measurements over large areas in short periods of
time in a way not possible with other techniques such as surface ship investigations. Specifically, the
CZCS experiment attempts to discriminate between organic and inorganic materials in the water, de-
termine the quantity of these materials in the water sample to the best degree possible and, in certain
instances, attempts identification of organic particulates such as discriminating between various types
of red tide organisms.

By conducting measurements over a large area in a short period of time, the CZCS allows ocean-
ographers to view the ocean as never seen before from ships. As an example, in one two-minute data
segment, the CZCS covers approximately 1.3 million square kilometers of the ocean surface allowing ex-
amination, nearly simultaneously, on a scale never before accomplished. Measurements on this scale al-
low oceanographers to determine such things as the standing stock of phytoplankton and its distribution
in various fishing areas and, potentially, to assess the ability of that area to support a standing stock
of fish. In addition to examining the existing fisheries, the CZCS will be used to look for new areas
of potential fish production around the globe.

2.2.2  Technical Objectives

The technical objective of the CZCS program is to determine if remote sensing of color can be
used to identify and quantify material suspended or dissolved in water. If ocean color measurements
can be used to derive such products as chlorophyll and sediment concentration, they will guide fur-
ther development of the ocean color discipline and help to determine if such an instrument is a can-
didate for operational satellite use in the future.

The algorithms being developed for the derived products from CZCS are the result of the most
extensive ocean color measurements ever made and are a considerable step forward from those avail-
able in the past. Corrections for such things as atmospheric backscatter and limb brightening are in-
cluded in the CZCS processing algorithms. The processing goal is to take the observed radiance,
determine the radiance that would be seen directly above the ocean surface, and then derive from
that radiance, the content of the water below the ocean surface.
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2.3 Instrument Description
2.3.1  Operation

The CZCS has considerable flexibility built into it to accommodate a wide range of conditions.
The first four spectral bands, for instance, have four separate gains that change, on command, to
accommodate the range of sun angles observed during a complete orbit and throughout the various
seasons. The gains are changed to utilize the best dynamic range possible without saturating over
water targets. Normally, the gain used in the first four channels is determined by the solar elevation
angle of the target to be acquired. When a special circumstance is expected, such as a particularly
bright material in the water, the gain can be changed to accommodate the special circumstances.

In addition to gain change, the CZCS scan mirror can be tilted from nadir to look either forward
or behind the spacecraft line of flight. It can tilt in two degree increments up to twenty degrees in
either direction. This feature was built into the instrument to avoid the glint caused by capillary waves
on the ocean that would obscure any scattering from below the surface. The angle of tilt of the scan
mirror is determined by the solar elevation angle. It is normally tilted to avoid sunlight and would
only be commanded to look into the glint for a special sunglint study.

2.3.2  Viewing Geometry

The CZCS is a scanning multi-spectral radiometer with a recorded scan width of 1566 kilometers
centered on spacecraft nadir. The scanner actually scans through 360 degrees, but the electronics
limit the high data rate sampling to 39.34 degrees about nadir. As discussed in Section 2.3.1 the scan-
ner looks either ahead or behind the spacecraft nadir in increments of two degrees up to twenty deg-
rees to avoid ocean surface glint. The ground resolution of the IFOV is 0.825 kilometer at nadir and
degrades somewhat as the instrument scans away from nadir on either side. The viewing geometry of
the instrument is illustrated in Figure 2-1.

2.3.3  Channel Characteristics

The CZCS has six spectral bands, five sensing backscattered solar radiance and one sensing emit-
ted thermal radiance. Figure 2-2 illustrates the method by which discrimination of the spectral bands
is achieved. The beam is split by a dichroic beam splitter, one portion of the beam going through a
set of depolarizing wedges to a small polychromator where the radiance is dispersed and detected by
five silicon diode detectors in the focal plane of the polychromator. Radiance in the 10.5 um to 12.5
um spectral band is reflected off the dichroic and then imaged onto an infrared detector of mercury
cadmium telluride cooled to approximately 120 Kelvin. Table 2-1 shows the center wavelengths, the
spectral bandwidths, and the minimum signal-to-noise ratio specified for the instrument at the most
sensitive gain setting, that is, the gain setting that would be used for the darkest targets. (Prelaunch
tests show the instrument has exceeded the specification for signal-to-noise in every channel). The
first four channels were selected to cover specific absorption bands and the so~called hinge point.
These channels are meant to look at water only and saturate when the field of view is over most land
surfaces and clouds. The spectral response of channels 1 through § is illustrated in Figure 2-3.

Channel 5 has the same spectral response as channel 6 of the Landsat multi-spectral scanner ser-
ies. The gain of channel 5 is fixed and set to produce the same percentage of maximum signal over
land targets as the Landsat channel 6. However, the actual radiance for saturation is higher since the
Nimbus 7 spacecraft crosses the equator at high noon whereas Landsat crosses the equator at 9:30 a.m.
local time.
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Figure 2-1. CZCS Viewing Geometry and Earth Scan Pattern

The 10.5 um to 12.5 um channel measures equivalent blackbody temperature as seen by the
sensor with a noise equivalent temperature difference of less than 0.35 Kelvin at 270 Kelvin. Atmo-
spheric interference with this channel, principally from weak water vapor absorption in the 10.5 um
to 12.5 um region, can produce measurement errors of several degrees. Temperature gradients, how-
ever, should be seen quite well because of the extremely low noise equivalent temperature difference

of this sensor.
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2.4 Calibration
24.1 Prelaunch Calibration

Prelaunch calibration of the CZCS was achieved utilizing a 76 centimeter diameter integrating
sphere as a source of diffuse radiance for channels 1 through 5 and a blackbody source for calibration
of channel 6. The integrating sphere was especially constructed for calibration of the CZCS and was,
itself, calibrated from a standard lamp from the National Bureau of Standards utilizing a spectrometer
and another integrating sphere to transfer calibration from the lamp to the sphere. This same type of
sphere has been used in calibrating the multi-spectral scanner for Landsat and will also be used to cal-
ibrate the Advanced Very High Resolution Radiometer (AVHRR) for the TIROS-N series that will
be flying at approximately the same time as Nimbus 7.

In addition to the sphere and the blackbody, a collimator was also used to calibrate the CZCS in
vacuum testing. Calibration was transferred from the primary calibration standard, the sphere and
the blackbody, to the collimator using the instrument itself.

2.4.2  In-flight Calibration

In-flight calibration of the CZCS is accomplished for the first five bands by using a built-in in-
candescent light source.- This in-flight calibration source was calibrated using the instrument itself as
a transfer against the referenced sphere output. The light source is redundant in the instrument so
that in case of failure of one of the lights, another one can be ordered to operate on command. After
launch, light calibration source number one will be used routinely, with light source number two test-
ed occasionally to verify its stability.

Channel 6 is calibrated by viewing the blackened housing of the instrument whose temperature
is monitored. Deep space is another calibration viewed during the 360 degrees rotation of the scan
mirror.

The output from both calibration sources will be monitored during the life of the sensor to de-
termine if any changes in sensitivity occur. If changes in sensitivity are observed, a procedure will be
followed to determine if the change is due to a change in sensitivity of the various detectors, chan-
nels, or a change in the calibration source itself.

2.5 Operational Modes

Since Nimbus 7 flys from south to north in daylight, the scan mirror is positioned to look be-
hind the satellite when the spacecraft is south of the subsolar point and ahead of the spacecraft when

it is north of the subsolar point. Tilt and gain setting information is transmitted with the CZCS data
and is part of the data product records.

The CZCS data is transmitted from the spacecraft to ground receiving stations at a rate of 800
kbs either in real time or in playback of the tape recorder. Whenever possible the data is recorded in
real time. However, when the satellite is out of the range of tracking stations, the data is recorded on
an on board tape recorder. The tape recorded data will normally be played back at the Alaska track-
ing station. Nine other STDN’s also have the capability to receive these playbacks.
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To improve the instrument response to ocean color,a DC offset can be inserted into the on board
processing of the radiance measured in the first four bands. In this DC offset mode, the entire digital
capability of the on board digitizer is utilized to cover approximately the top 30 percent of the signal
which contains modulation due to change in ocean color. Since the knowledge of the exact amount
of the offset eliminated in the on board processing is always known, it can be reinserted where need-
ed for processing on the ground.

The sensor is turned on in sufficient time prior to collection of data to allow for instrument
warm-up and for the sensor to stabilize. Since all channels are calibrated continuously during flight,
any effect of turn-on transient should be noticed immediately, but none is expected.

The most important aspect to be understood about the CZCS operation is that the operation is
limited due to spacecraft power constraints to approximately two hours per day. Because of the re-
quirement to operate the sensor two hours per day, data must be taken in carefully preselected loca-
tions. Minimum on-off data taking time is a two minute segment. Frequently, longer segments are
taken — up to a maximum of ten minutes of continuous data.

Interested users are reminded that if they wish to acquire CZCS data over a particular site, they
should contact a member of the Experiment Team and inform that member of the location of the site
and the dates on which coverage is most highly desired. Even though all of the data is placed in the
public archive, there is no guarantee that all areas of the world will be covered. A special effort will
be mace, however, to cover major oceanographic expeditions where surface truth is being collected
by a ship.

The prime operational area for the CZCS are the coastlines of the United States and the Gulf of
Mexico. Other areas of coverage are the coast of Europe, including the Mediterranean Sea, the Baltic
Sea, the North Sea, the channels between England and the mainland, the Irish Sea, and the test sites
designated by the EURASEP Group of the Commission of European Communities, South African
NET participation has requested coverage around the southern tip of Africa on both the east and west
coasts, and extending toward the Antarctic. In the Antarctic summer following the launch of Nim-
bus 7, the Scientific Committee on Antarctic Research (SCAR) will conduct a large expedition in
Antarctic water. This will also be a prime target area for the CZCS. Other areas, such as the Deep
Ocean Mining Experiment Stations (DOMES), and the Antarctic coverage are limited by the extent
of the activities such as the time of the DOMES’ action, or the availability of sunlight as in the Ant-
arctic where the sensor can only operate usefully during the Antarctic summer. Requests for cover-
age of other areas have been received from a number of institutions around the world, and every
attempt will be made to accommodate requests from other oceanographic institutions, especially
when surface truth is being measured by institutions.

All channels of the CZCS instrument operate simultaneously. During daytime operations all

six channels provide useful information. If the sensor operates at night, only data from channel 6 is
usable.

2.6 Data Processing, Formats, and Availability
2.6.1 Data Processing

The data from the CZCS is transmitted to the ground either in real time, or from tape recorder
playback, at a rate of 800 kbs. The data is recorded on magnetic tapes and sent to the IPD at GSFC.

27

-



These tapes contain both radiometric information from the imagery and CZCS housekeeping infor-
mation. IPD uses these data, plus image location tape (ILT) data, to produce the user tapes described
in Section 2.6.2 and the images described in Section 2.6.3. After making sufficient tape and film
copies for NET users, IPD forwards the tapes and film to the Environmental Data Information Service
(EDIS) of NOAA for archiving and reproduction of copies.

At IPD the data are converted from voltages to radiances for bands 1 through 5, and to equiva-
lent blackbody temperature for band 6. This is accomplished by using the calibration curves derived
before launch and applying in—flight calibration sources. After calibration, the data is processed
using algorithms developed by the CZCS NET to derive products of suspended and dissolved ma-
terial in the water. As knowledge is gained from the experiment, the algorithms may need to be
changed. All algorithms are available to users, and those used to process each tape and image are
identified on those products.

2.6.2  Tape Products

The following tape products are produced by IPD and are sent to the EDIS at NOAA for archiv-
ing. Brief descriptions of these tapes are as follows:

® CRCST (Calibrated Radiance, Pigment, Diffuse Attenuation Coefficient and Temperature
Tape)

These tapes contain calibrated and located CZCS data from all six channels scan-line-by-
scan line with the channels separated, plus derived pigment and diffuse attenuation co-
efficient parameters, where computed. There is a maximum of three two-minute block
(files) of data per tape. Statistical and calibration summaries are at the end of each file.

® CAT (Catalog Tape)

These tapes contain cataloged information on all images (two-minute files on the CRCST’s).
Entries are organized chronologically by target area (location).

The form and content of each of these tapes are described in a tape specification document for
each tape type. The appropriate document will accompany a tape shipment to a user.

As discussed in Section 2.5, the CZCS is expected to operate a maximum of two hours per day.
If the sensors operate for two hours per day for one year approximately 22,000 images and 7,000
magnetic tapes would be generated. Because of weather conditions, principally cloud cover, the CZCS
probably will not operate its scheduled two hour period per day as planned. Thus, a more reasonable
estimate of total output per year is approximately 12,000 images and 4,000 magnetic tapes.

2.6.3 Film Format

Figure 2-4 is an example of the format for all CZCS images. Each display is produced on 241
mm by 241 mm (9.5 inch) black and white image stock. The title and reference information at the
top of each display includes the gain and tilt angle in effect during the scene, and whether the thresh-
old mode of data enhancement was on or off.

Each of the ten chips on a single display has the same latitude and longitude grid around the
chip boundaries. Channel displays 1 through 6 show radiances as shades of gray (referenced to the
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Figure 2-4. CZCS Image Display Format

gray scale at the bottom of the display). The physical parameters of pigment concentration and dif-
fuse attenuation coefficient, if calculated for the scene, are shown as shades of gray (two chips) and
as contoured plots (two chips). The top displays (channels 5 and 6) represent the maximum amount
of data from a single channel: +39.36 degrees from nadir for each scan line, and two minutes of data
along the orbit track. The bottom eight displays (channels 1 through 4 on the left, plus the four
scenes of pigment and diffuse attenuation coefficient parameters) show only the region of best spatial
resolution and least geometric distortion, which is within +20 degrees of nadir. Each scene (chip) is
rectified along each scan line and from scan line to scan line so there is an approximately equal scale
over each scene.
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The crosses at the four corners of each of the lower eight chips, and along the top and bottom
of the top two chips, are for reference if two or more channels are to be photographically color com-
posited. Cutting apart the chips and aligning two or more sets of crosses provides chip-to-chip regis-
tration.

The 16-step gray scale beneath the chips is calibrated in radiances for reference to the images.
The values for the gray scale versus radiances for each display are provided in the EDIS catalogs. The
appropriate table for each display is identified beneath each gray scale.

The ten algorithms used to generate the ten chips are identified in the lower left corner. The last
line in the lower left lists the number of scan lines processed (maximum is 960) and used as input for
the chips, and the number of these scan lines containing errors.

The reference data in the lower right corner are the film specification number (F742040) the
projection data format code (ZQ), and the film frame number (XXXXXX).

2.6.4  Data Availability

All of the CZCS data is archived with the Satellite Data Services Branch of the Environmental
Data Information Service of NOAA. The address is as follows: World Weather Building, Room 606,
Camp Springs, Maryland 20233. A catalog is planned that will show the orbital track of the Nimbus
7 spacecraft on a day-by-day basis with the areas where CZCS was operated indicated on the orbital
tracks. In addition, there will be a short description on the imagery giving such parameters as cloud
cover for each image. The catalogs will be sent to an initial mailing list and will then be available
through the Environmental Data Information Service, Satellite Data Services Branch.

The cost of the CZCS data product has not been established, but it is estimated at approximately
$3.50 for a photographic transparency and $60.00 for the magnetic tape. All data is available to any
user who wishes to purchase it. Data will normally be ordered from the CZCS catalog by specifying
the orbit and GMT of the data desired. For users without a CZCS catalog, see Section 1.5 of this
document for general tape and film ordering information. The first validated data sets should be
available to users between three and six months after launch.

2.7 Planned NET Experiment Investigations and Data Applications

The Nimbus Experiment Team for the Coastal Zone Color Scanner (CZCS) presently plans two
major expeditions after launch of Nimbus 7 for validation of the derived product of the CZCS. One
expedition will be carried out of the Gulf of Mexico utilizing the research vessel GYRE from Texas
A&M University. This expedition will be carried out from approximately mid-October to the first
week of November 1978, and will cover various water mass types in the Gulf of Mexico.

The other NET surface validation expedition will be carried out off of Southern California and
in the Gulf of California utilizing a research vessel from the Scripps Institute of Oceanography. This
expedition will occur sometime after the first year in 1979.

Foreign experiment team members will carry out validation investigations in European waters and
off South Africa. The Joint Research Center of the Commission of European Communities will co-
ordinate the activities of the EURASEP group in carrying out surface truth validations in waters around
Europe. Information on their planned activity can be obtained from Dr. Bruno Sturm of the Joint Re-

search Center, Ispra, Italy.
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The South African experiment team member, Dr. Frank Anderson, Director of the National Re-
search Institute for Oceanology, will coordinate South Africa’s efforts in validation measurements
made in conjunction with Nimbus 7 overpasses. Their plans have not been finalized and any further
information concerning the South African validation efforts should be obtained through Dr. Anderson.
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SECTION 3
THE EARTH RADIATION BUDGET (ERB) EXPERIMENT*
by

H. Jacobowitz and L. L. Stowe
National Environmental Satellite Service
National Oceanic and Atmospheric Administration
Washington, D.C.

and

J. R. Hickey
The Eppley Laboratory
Newport, Rhode Island

3.1 Scientific Objective

The objective of the Earth Radiation Budget (ERB) experiment, a continuation of Nimbus 6
ERB, are 1) to determine over a period of a year, the earth radiation budget on both synoptic and
planetary scales by simultaneous measurement of:

® Incoming solar radiation

® Outgoing earth~reflected (shortwave) and earth emitted long wave radiation by:
a. Fixed wide-angle sampling of these terrestrial fluxes at the satellite altitude.
b. Scanned narrow-angle sampling of the angular radiance components.

and 2) to develop angular models of the reflection and emission of radiation from clouds and earth
surfaces.

Measurements of radiation are obtained in 22 different optical channels. Ten solar channels
(labeled 1 through 10c) measure incoming solar radiation. Four earth-looking channels (11 through
14) with fixed wide-angle fields of view measure radiation from the entire earth disc. Eight earth-
viewing channels scan from nadir to horizon in several vertical planes with narrow-angle fields of
view. Channels (15-18) measure short wavelength radiation while (19-32) measure wavelength rad-
iation. Tables 3-1, 3-2, and 3-3 present the spectral characteristics of solar, wide-angle and narrow-
angle channels, respectively.

3.2 Experiment Description
3.2.1 Solar Channels

The ERB experiment measures the incoming solar radiation in ten spectral channels as the satel-
lite orbits over the Antarctic, just before it starts its northward trip on the daylight side of the earth.
The spectral intervals monitored by the solar channels are illustrated in Figure 3-1, superimposed on
the 1971 standard extraterrestrial NASA curve. These bands were selected to provide measurements

*Complete ERB NET membership listed in Appendix B, page B-2. .
Preceding page blank
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of the solar “constant’’, necessary for earth heat budget computations, and of solar energy in spectral
subdivisions in the ultraviolet and visible regions where solar emission variability may occur and where
uncertainties exist in present values of the solar emission spectrum. The two “‘solar constant’ chan-
nels 3 and 10c¢ measure the entire solar spectrum from <0.2 um to >50 um.

3.2.2 Fixed Wide-Angle FOV Channels

Earth-emitted infrared radiation and earth-reflected solar radiation are measured with fixed,
wide-angle FOV sensors. The four sensors have unencumbered fields of view of 121 degrees and
maximum fields of 133.3 degrees. From the Nimbus 7 orbit altitude of 955 km the earth subtends
an angle of 120.8 degrees. This angle is greater than that for the Nimbus 6 ERB because the Nimbus
6 orbit is higher; thereby reducing the angle subtended by the earth. The channel FOV’s were not
modified for Nimbus 7.

The measurements taken by these channels provide a direct measure of the terrestrial flux pass-
ing through a unit area at satellite altitude. An integration of these measurements over the entire
globe, together with the solar constant observations, provide a measure of the net radiation balance
for the earth-atmosphere system. In principle, the accuracy of this measurement should be compro-
mised only by the diurnal sampling restrictions of the Nimbus sun-synchronous orbit. Measurements
of the radiation flux reflected in the shortwave region (0.2 um to 3.8 um), in addition to those of the
total earth radiation flux (0.2 um to >50 um), permit separation of the planetary albedo and long
wave flux components of the observed net radiation flux.

An earth flux channel (Channel 14) and a solar flux channel (Channel 5) measure radiation in
the 0.698 um to 2.8 um interval enabling the planetary albedo to be defined for the spectral subre-
gions A < 0.695 um and A > 0.695 um. These two spectral regions separate the total backscattered
radiation into the molecular-plus-aerosol contribution from the aerosol~-dominant spectral contri-
bution. This separation is important for assessing the contribution of aerosols to any detectable
variations of the earth’s planetary albedo. '

3.2.3  Narrow-Angle FOV Scanning Channels

The ERB also obtains measurements of the radiance of earth-reflected solar radiation (0.2 ym
to 4.8 um) with Channels 15 through 18 and earth~-emitted long wave radiation (5 gum to >50 um)
with Channels 19 through 22. These channels, which have a rectangular IFOV of 0.25 degrees x
5.12 degrees are designed to obtain a large number of angularly independent views of the same geo~
graphical area as the Nimbus spacecraft orbits overhead. Characteristic angular distribution models
are derived for a variety of reflecting surface conditions from a composite of the scanning channel
observations of each area. These models are used with the scanning channel observations to specify
radiation budgets on a scale of about 500 km.

3.2.3.1 Scan Geometry and Scan Modes
The basic scan geometry of the ERB is shown in Figure 3-2. The IFOV is stepped at varying

rates over each half second measurement to partially maintain a ground resolution of about 150 km
from nadir to horizon.
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To observe the radiance from various scenes over a wide variety of incident and emerging angles,
there are five different scan modes of operation. These routines are schematically illustrated in Fig-
ure 3-3. Four scan patterns are a composite of long and short grids shown in Figure 3-2 (a long grid
in the forward direction is followed by a short grid in the cross-track direction and then concluded
with a long grid in the aft direction). The fifth scan pattern is a compos